The seeds of Striga hermonthica will only germ inate readily w hen th e y h av e been exposed to a chem ical stim u lan t released from a p o te n tia l h o st root, an d th e purpose of th e in v estig atio n has been th e exam inatio n of th e chem ical n a tu re of th e stim u lan t.
The seeds of Striga hermonthica will only germ inate readily w hen th e y h av e been exposed to a chem ical stim u lan t released from a p o te n tia l h o st root, an d th e purpose of th e in v estig atio n has been th e exam inatio n of th e chem ical n a tu re of th e stim u lan t.
Crude concentrates h av e been p rep ared b y grow ing roots of in ta c t seedlings of Sorghum vulgare in w ater to w hich charcoal h as been added, rem oving th e charcoal a n d th e n elu tin g it w ith 70 % acetone. A residue is o b tain ed w hich w hen redissolved in w a te r p rom otes th e germ ination of th e p ara site seed. I t has been show n th a t th e co n cen trate contains c a rb o h y d rates and p articu larly pentoses alth o u g h aldopentoses ap p e a r to be ab sen t. A t th e sam e tim e th e effects on germ ination of a large v a rie ty of sugars has been te ste d a n d a relativ ely w eak effect has been observed w ith certain sam ples of seed w ith d -fructose, d -fru cto se-1:6-diphosphate and w ith L-sorbose. The m o st pow erful stim u latio n , how ever, h as been given b y d -xyloketose. This carb o h y d rate has given germ in atio n w ith all sam ples of seed w ith w hich it has been tested an d a t con cen tratio n s low er th a n w ith th e crude co n cen trate. M axim um germ ination has been recorded w ith r>-xyloketose a t a c o n cen tratio n of 1 x 10~6 m g./m l. a n d som e stim ulation a t 1 x 10~7 m g./m l.
F resh p rep aratio n s of th e co n cen trate an d of d -xyloketose are also sim ilar in th e im p o rta n t respects th a t w hen stored a t 5 to 15° C th e activ ities of b o th disap p ear com pletely w ith in 72 hr., an d th a t th e y are b o th com pletely in a c tiv a te d b y h eatin g a t 60° C for 60 m in. T hus it is highly probable th a t th e stim u latin g actio n of th e crude co n cen trate is due to a su b stan ce w hich is either sim ilar to or iden tical w ith d -xyloketose.
I n t r o d u c t i o n
It has repeatedly been observed th at the seeds of several species of Striga, like those of certain other Angiospermous parasites, when they are either in sand or soil will only germinate readily when they are in the immediate vicinity of a host root. Saunders (1933) showed however th at immediate contact between the root and the seed is not required. This worker found th at when the seeds are irrigated with water th at has been percolated through sand in which maize is growing germination occurs in due course. This observation suggests th at stimulation is due to a soluble exudate which is released by the root and absorbed by the seed. This conclusion has been fully confirmed by the results of Brown & Edwards (1944) , who used a different experimental design. In this case germination was induced by applying to the seeds of Striga lutea water in which roots of intact seedlings of Sorghum vulgare had been growing for 5 days in the dark.
The present investigation is a development from these earlier observations and has been designed for the purpose of determining the nature of the material th at is released from the stimulating root. The investigation has involved the elaboration of techniques for assaying the relative stimulating capacity of various solutions and for preparing concentrates of the natural stimulant. The concentrates have been examined chemically, and since it has been shown th at they contain various carbo hydrates and particularly pentose sugars the effects of several of these substances on germination have been determined. As a result it has been shown that with d -xyloketose germination may be obtained at appreciably lower concentrations than with the purest preparations of the natural stimulant so far made.
I t was originally intended to study the stimulant th at is involved in the germination of 8 . lutea (asiatica) and some preliminary observations were this species. Unfortunately we were unable to obtain sufficient quantities of the seeds and the investigation has had to be continued with seed of 8 . hermonthica. All the results given below (with one exception) refer to tests made with 8 . hermonthica.
A s s a y t e c h n i q u e
The technique depends on the condition described by Brown & Edwards (1946) , th at the proportion of seeds th at germinate within a limited time decreases with increasing dilution of a given stimulating solution.
In the normal procedure the stimulating capacity (referred to below as the activity) of a particular solution is assessed as follows: A series of dilutions is prepared each being a tenth of the concentration of the preceding one. With each dilution six separate tests are made, in each of which a group of parasite seeds is suspended in a drop of the solution. After incubation for 24 hr. at 35° C the percentage germination given by each test is determined and a mean figure calcu lated from the six individual percentages. A small proportion of seeds always germinates in water and since it is occasionally necessary to determine the highest dilution at which stimulation is observed, in addition to the tests made with the experimental solution six replicate tests with water only are included in the assay. A further elaboration is required by the condition th at the percentage germination given by a solution of constant activity is not always the same even with the same sample of seed. Thus a standard must be provided against which the germinations given by the experimental solution may be compared, and in the assay in addition to the other tests six replicates with a solution of standard activity are included, the mean values given by the experimental solutions being compared with the mean value derived from the standard solution.
A representative series of results for a single assay is given in table 1. From data such as those of table 1 the lowest concentration is estimated which gives half the percentage germination given by the standard and this concentration, expressed as the several fold dilution of the experimental solution is taken to represent the activity of th at solution. The activity is determined by plotting percentage germination against the logarithm of the several fold dilution over the appropriate concentration range. Since the lowest concentration is required which gives the half value, the appropriate range is th at which extends from the concen tration which gives maximum germination to the lowest giving a greater percentage germination than water. An arbitrary straight line is drawn through the plotted values, and the dilution corresponding to the half value is read off from this curve. The value so determined is logarithmic and requires conversion to standard units.
The application of this method to the data of table 1 gives an activity of 3000 for the solution E. Half the percentage germination given by the standard is taken as the reference value, since the maximum given by the experimental solutions may be higher or lower than th at of the standard, and the rate varies at which germination increases or decreases with increasing dilution. In certain cases a ten-fold dilution of a solution which gives a maximum value is sufficient to extinguish stimulation, in other cases some stimulation may still be observed after a thousand-fold dilution. Values for activity are given to the nearest million, thousand, hundred, ten or integer when they are greater than one million, one thousand, one hundred, ten and one respectively.
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T a b l e 1. R e s u l t s (p e r c e n t a g e g e r m i n a t i o n s ) f o r a s i n g l e a s s a y (S represents 'stan d ard so lu tio n ', W w ater, E th e undiluted experim ental solution and values in first colum n th e fractional concentrations of this solution)
results w ith replicate tests s 46-4 w 2-0 E 2-4 1 x 10-1 4-8 1 x 10-2 6-4 1 x 10-3 38-3 1 x 10~4 9-4 1 x 10-5 2-4 41-6 38-9 3 0 2-2 1-9 5-9 14-6 6-1 2-6 2 1 33-8 32-0 3-6 5-3 2-9 2-6 48-5 43-7 3-9 0-0 0-0 6-1 5-0 3-8 6-7 3-3 40-5 34-3 2-8 3-8 0-0 4-4 44-7 means 44-0 4-2 2-6 2-0 3-1 4-9 6-5 2-3 3-9 25-0 34-0 3-3 4-7 0-0 2-1
All the solutions whose activities are assayed are prepared from dry materials dissolved in glass distilled water at a concentration of 1 mg./ml., and the undiluted solution E of table 1 has this concentration. Therefore each fractional concentration of the assay represents the same fraction of one mg./ml. In table 1 the highest observed germination with the experimental substance is given at an absolute concentration of 1 x 10~3 mg./ml., and some germination (referred to below as the significant germination) is given at 1 x 10-4 mg./ml. (1:10,000,000).
In the general assay procedure three sets of techniques are involved which may be considered separately. The three techniques are those required in (a) determining percentage germination, (6) preparing the standard solution, and (c) preparing the parasite seed for the assay.
Determination of percentage germination
The seeds are small being only 0-4 x 0-2 mm., and the cultures in which germina tion is determined must therefore be such that they can be examined micro scopically. This necessarily limits the volume of fluid th at can be used in each test culture. At the same time the fluid drop must be protected against evaporation since it is necessary to maintain the liquid volume constant, and further the seeds must be adequately aerated during incubation. These conditions have been met by an adaptation of the normal hanging drop technique. The parasite seeds are dispersed in 0-01 ml. of experimental fluid applied to the lower surface of a coverslip which is sealed at the edges to a metal or glass ring, the lower edge of which is in turn sealed to a microscope slide. The whole culture is incubated at 35° C for 24 hr. and at the end of this time the total number of seeds in the drop and the number that have germinated are counted and from these two figures the percentage germination is calculated. This technique has been described elsewhere in detail by Brown & Edwards (1944) .
The mean figure for the group of six replicate cultures is determined from the percentage values and not from the absolute numbers th at germinate in each culture, since the total number varies considerably. This variation is a consequence of the method that has to be used for transferring the seeds to the drop from a dish in which they have been pretreated (see below). This operation must be performed more rapidly than is possible if they are counted on the stage of a microscope, and they are therefore carried on the point of a needle as a cluster which is adjusted by eye. The number of seeds in the cluster varies between 20 and 100 but Brown & Edwards have shown that this variation with the size of drop used does not affect percentage germination.
Preparation of standard solution
As shown below the stimulant is highly unstable and the activity of even a dry preparation of active material decreases rapidly with time. Thus a solution with constant activity cannot be prepared from a stock of dry concentrate. Brown & Edwards (1944) showed however th at a solution with a constant activity is obtained by allowing the roots of uniform host seedlings of Sorghum vulgare to develop in distilled water in the dark for a standard period of 5 days at a constant temperature of 25° C. Twenty seedlings are selected from a petri dish culture in which seeds of Sorghum have been germinated, they are transferred to a float which consists of a length of thin glass tubing closed at both ends and bent into the form of a narrow U. The float rests on the surface of 20 ml. of glass-distilled water in a boiling tube which is slanted at an angle of about 20° with the horizontal. When the float is in position the tube is closed with a rubber stopper. The seedlings develop rapidly with the roots growing down into the water between the two arms of the float. After incubation for 5 days the water is withdrawn and used immediately as the standard solution. The stimulation th at is given by this solution decreases rapidly with time, and a fresh preparation must be used for each assay.
Preparation of parasite seeds
If initially dry parasite seeds are placed on filter paper and moistened at intervals with water that has been in contact with host roots some germination occurs after a period th at varies between 3 and 7 days when the culture is incubated at 35° C. This general arrangement, however, cannot be used as the basis for an assay since solutions of the stimulant rarely retain any activity after storage at room temperature for 48 hr. On the other hand germination may occur within 24 hr. after application of the stimulating solution if the seed has been incubated in contact with water at 25° C for some days previously. During the incubation at 25° C no germination occurs but as the period of incubation is extended the germination given after application of a standard stimulant solution increases until a maximum value is reached and then declines with further extension of the period of incubation. This effect which has been called the ' pre-treatment effect ' is shown by the data of table 2 which were obtained with two independent treat ments from one of the samples of Striga hermonthica used in this investigation. The agreement between the two sets of determinations is close and it shows th at the potential percentage germination (referred to below as the germination capacity) that is given with the standard solution can be closely controlled when the same sample of seed is being used.
The stimulant involved in the germination of Striga hermonthica 5 T a b l e 2 . D u p l i c a t e d e t e r m i n a t i o n s o f c h a n g e i n g e r m i n a t i o n Since the prior treatment of the seed in the manner indicated provides the conditions for rapid germination after application of the stimulant this treatm ent forms part of the assay procedure. The seeds are placed on sintered glass disks which are accommodated in small petri dishes containing enough water to saturate the disk. The cultures are incubated at 25° C in the dark for an appropriate period, samples being taken from each dish at intervals of not less than 3 days. The seeds are light sensitive (Edwards 1946) and exposure to light during the with drawal of samples at intervals of less than 3 days markedly depresses germina tion capacity. Although germination capacity is changing with time and affects the germination given with an experimental solution, this is compensated by the corresponding effect given with the standard solution. The variation in germination capacity, however, affects the accuracy of the assay to the extent th at it influences the sampling error. When germination capacity is high the standard deviation within six replicates is small but when it is low the deviation is of course relatively greater. This source of error could be avoided by prior incubation for the standard time necessary to bring the seed to the highest germination capacity. The difficulties of treating a quantity of seed sufficient for a single assay are however considerable and would involve an elaboration of the technique th at would restrict the scope of the enquiry.
Accuracy of the assay
Assays of this type should of course be made with a standardized biological material. Unfortunately the seed available for this investigation had been collected in different parts of the tropics, and the samples varied with regard to degree of maturity and age since harvesting. The maximum germination given with different samples has varied from 10 to 6 0 %, and the different samples have therefore involved from 90 to 4 0 % of grains which did not germinate even in the most favourable circumstances. Some of the seeds in all samples are undoubtedly sterile and non-viable; many ol those th at do not germinate, however, are probably immature grains in which the process of after ripening is not complete. It has been observed with some samples th at the maximum number that germinates increases with age, and the rate at which the maximum is reached in pretreatment also tends to increase.
With seed of low germination capacity the accuracy of the assay is of course correspondingly low. But with seed giving a percentage germination greater than 10% with the standard, when duplicate assays are made with the same seed the results do not differ by more than 100%. With different samples of seed however the percentage difference may be greater. The following pairs of activity values are the results of duplicate determinations made with different samples of seeds: 20 and 100, 10,000 and 18,000, and 2,000,000 and 3,000,000 (the last pair of results were obtained with 3 . luted). I t may be emphasized th at although t difference between replicates is large the range of values over which activities are expressed extends from one to ten million, and for all values of less than a million the differences are only very small percentages of the total range. I P r e p a r a t i o n o f c r u d e c o n c e n t r a t e s I t was found th at active solutions prepared by suspending the roots of intact plants in water were inactivated when shaken with charcoal. For instance a solu tion th at gave 43-3 % germination gave only 5*5 % after treatm ent with animal charcoal at the rate of 150 mg. to 200 ml. of fluid. I t was also found th at an acetone eluate of the charcoal yielded a residue which when re-dissolved in water induced the germination of the parasite seed. The data given in table 1 were obtained with a typical concentrate obtained in this manner.
In the preliminary stage of the investigation concentrates were prepared by adding charcoal to active solutions after they had been withdrawn from the cultures. I t was found, however, th at the yield of the crude concentrate could be increased by adding the charcoal to the water at the time the cultures are set up. The reason for this enhanced yield has not been determined but it is probably an indirect effect of a more vigorous growth of the seedlings. It has been observed repeatedly th a t roots in water to which charcoal has been added grow more vigorously than they do when charcoal is not provided. Brown & Edwards (1944) found th at the stimulant is exuded from the root meristem and it is therefore probable th at the greater yield is due to a greater meristematic activity.
These preliminary observations formed the basis for the technique finally developed for preparing crude concentrates. In the standard procedure seedlings are cultured in pneumatic troughs 12 in. in diameter and 6 in. deep. Eighteen grams of charcoal and 1-51. of distilled water are placed in each trough. A float consisting of muslin stretched across a closed glass ring carries the seedlings on the surface of the water.
Considerable difficulty has been experienced in obtaining a suitable grade of charcoal, since it must not affect the pH of the solution, and must contain negligible amounts of impurities. Sutcliffe and Speakman ' Genster ' charcoal has finally been adopted as the most suitable material for the present purpose.
Seedlings of Sorghum vulgare have been used throughout; they are developed from seeds on damp filter paper at 25° C and when the roots are about 1 cm. long and the coleoptiles about half this length, after removal of the ungerminated seeds, the seedlings are scattered over the surface of the floats, about 1000 being allocated to each trough. The muslin of the float is of course saturated and dry seeds placed on it do not germinate, but when some growth has occurred the seedlings develop vigorously with the roots growing through the muslin and into the water.
Thirty to forty cultures are set up each week. They are placed for 5 days in a chamber in near-darkness in which the temperature is maintained at 25° C. At the end of the 5-day period the charcoal is separated from the water by filtration.
The proportion of water to charcoal in each dish is th at which in a preliminary series of experiments was found to give the highest yields of crude concentrate. If the quantity of charcoal is reduced the yield from each dish decreases and if the volume of water is reduced the growth of the seedling is affected. Although some charcoal in the culture fluid promotes the growth of the roots quantities greater than those normally used inhibit growth.
With this technique 5 to 10 mg. of concentrate are obtained from each dish and the total weekly production is about 200 mg.
C o m p o s i t i o n a n d p r o p e r t i e s o f t h e c r u d e c o n c e n t r a t e
The stimulant is recovered from charcoal by elution with 70 % acetone. With this treatment 80 % of the concentrate is removed in the first extraction.
The activities of different samples of the concentrate have varied considerably. Values ranging from 50 to 100,000 have been recorded. At various stages the sample of host seed has been changed and so has the type of charcoal and it has been found that the productivity of the different strains of Sorghum varies and also th at the amount and type of impurity in different samples of charcoal varies considerably.
The data of table 1 show th at the highest concentration of 1 mg./ml. at which these preparations are applied to the seed gives little or no stimulation. With increasing dilution percentage germination increases until a peak value is reached after which further dilution is accompanied by decreasing germination. The peak values are of the same order as those given with the standard solution and in some cases they are higher. Clearly with the optimum concentration germination approaches the full capacity of the seed and the absolute concentrations at the optimum are therefore of some significance. The lowest optimum concentration recorded is 1 x 10~4 mg./ml., values of the order of 1 x 10~3 mg./ml. are the most commonly observed. I t may be emphasized th at these concentrations represent one part in ten million and one part in one million of water. Clearly if the full capacity of the seed is realized with concentrations of this order the proportion of the stimulant in the crude concentrate is probably large. This conclusion is also indicated by the lowest concentrations with which significant germinations are observed. Stimulation has occasionally been recorded at concentrations of 1 x 10~6 mg./ml. and frequently at concentrations of 1 x 10~5 mg./ml.
The concentrate separated from the charcoal varies in appearance from a colour less glass to a white hygroscopic amorphous solid according to the inorganic content which varies between 15 and 4 0 % (estimated by ashing).
The chemical purification of the stimulant is a m atter of considerable difficulty since the activity of the concentrate decreases very rapidly with time when stored at room temperature, and normally disappears 72 hr. after isolation from the charcoal. Nevertheless a further concentration of the organic material has been achieved by methanol extraction which gives a methanol-soluble syrup and a solid methanol-insoluble fraction. Most of the activity is retained in the soluble fraction. A representative determination gave activity values for the soluble and insoluble fractions of 1000 and 1 respectively. The residual activity of the insoluble fraction is presumably due to adsorption.
Removal of the last traces of inorganic salts from the methanol-soluble syrup by the use of the ion-exchange resins Zeocarb 215 and Deacidite have invariably led to complete deactivation of the concentrate. All chemical operations on the concentrate have been conducted in an atmosphere of nitrogen.
The methanol-soluble fraction gives a strong positive Molisch reaction for carbohydrates, is optically active (one sample gave [a]f? = + 20°) and readily reduces Fehling's solution on gentle warming. Preliminary evidence as to the nature of the carbohydrates has been sought from various colour reactions applic able in the series (Tollens-Eisner 1935). I t has been found that a positive pentose reaction is obtained with orcinol and hydrochloric acid (modified method of Militzer 1946) although the characteristic aldopentose colour reaction with jtf-naphthol and sulphuric acid has not been observed. A weak keto-hexose reaction with diphenylamine and hydrochloric acid or with resorcinol and hydro chloric acid (Seliwanoff) has been obtained, although no 2-deoxy sugars (KellerKilliani) or alduronic acids (naphthoresorcinol) dould be detected. Periodate oxida tion does not yield any acetaldehyde, indicating the absence of methyl sugars (Nicolet & Shinn 1941) . On reaction with o-nitrophenylhydrazine an o-nitrophenylosazone is obtained which is identical with th at derived from glucose, mannose or fructose. The characterization of this sugar component has not been attem pted at this stage of the investigation since further work (see below) has shown th at the presence of these monosaccharides would only account for a very small portion of the total activity of the natural concentrate.
Further work on the concentration and identification of the active components of the crude concentrate is in progress and will be reported at a later stage, but meanwhile since the chemical examination of the methanol-soluble fraction has shown th at various sugars and particularly pentoses are present, the effects of a wide range of sugars and sugar derivatives on the germination of seeds have been examined and some have been found to stimulate germination. A large number of substances other than sugars have also been tested but none of these has given any stimulation within the same concentration range and time that it is given by the natural stimulant. Brown & Edwards (1945) reported th at germina tion was induced in seeds of Striga lutea by treatment with thiourea and allylthiourea. This observation has been confirmed with S. hermonthica but it has also been confirmed that the seeds must be treated for at least 3 days with high concentrations of these compounds (1 to 10 mg./ml.).
The effects of 30 sugars and allied substances have been examined and the following have been found to be completely inactive:
The following, with low activities of less than 500, have given some stimulation: D-xylose, L-rhamnose, D-glucose, i)-galactose, L-adonose, maltose, lactose, ascorbic acid, and galacturonic acid. With certain samples of seed d-fructose, L-sorbose, and d -fructose-1:6-diphosphate have given activities greater than 500. The highest activities, however, have always been given with d-xyloketose; moreover this sugar has promoted germina tion in all samples of seed with which it has been tested. Also all samples of d-xyloketose (I) that have been prepared have at some time given some activity, although for reasons th at are discussed below, while certain preparations from the same sample may give high activity, others may give negligible activity. 19-1 121 13-6 21-7 1 x 10-3 30-3 6-6 1-9 19-9 1 x 10-4 9-0 18-3 1-7 17-6 1 x 10~5 10-4 21-6 0-3 13-4 1 x 10-6 0-0 2 3 0 0-3 6-2 A ctivity 12,000 > 1,000,000 300 8,000
With some samples of d-xyloketose the activity is greater than with the crude concentrate; maximum germination and significant stimulation having been recorded at concentrations of 1 x 10~6 and 1 x 10~7 mg./ml. respectively. I t may be noted in this connexion that even with samples in which the activity is low the stimulation is clearly not due to a nutritive effect. With Sample III of table 3 for instance some stimulation is given at a concentration of 1 x 10~2 mg./ml. which is one part per hundred thousand of water. Clearly at this concentration any effect due to the metabolic breakdown of the sugar is highly improbable.
Further, although the stimulation given with d -xyloketose as with the other sugars varies considerably the stimulation is probably not due to impurities in the samples of sugar used for the following reason. The d-xyloketose used in this investigation has been prepared by two unrelated methods, and this sugar is always active when freshly prepared. In the first place D-arabitol has been submitted to bacterial oxidation by Acetobacter suboxydans and the crude product purified through the crystalline 2 :3-monoacetone compound (m.p. 68 to 69° C) (Prince & Reichstein 1937) and regenerated by hydrolysis with aqueous oxalic acid (Levene & Tipson 1936) As indicated above the activities given by d-xyloketose and other sugars vary widely. The conditions th at determine this variation are undoubtedly complex, but one of them is probably variation in the condition of the seed. Different strains of organisms differ with regard to their requirements for growth factors, and some evidence is available which suggests th at seeds of Striga hermonthica from different geographical areas differ with regard to their stimulant requirements. Certainly seeds of 8 . lutea germinate with lower concentrations of the stimulant than do those of S. hermonthica. At the same time it is also probable th at different strains and samples of different ages differ with respect to the capacity to substitute other sugars for the natural stimulant and this probably explains the variability of the response to such sugars as L-sorbose and d-fructose. • C o m p a r i s o n o f d -x y l o k e t o s e a n d t h e n a t u r a l s t i m u l a n t Preparations of d -xyloketose and of the crude concentrate are similar in one im portant respect. Observations have been made at intervals of 24 hr. on samples of each stored at 5 to 15° C, and it has been found th at within 48 to 72 hr. after receipt of the material at Leeds from Cambridge the activity has disappeared. This occurs with both, whether they are in the dry state or in solution. Further, the activities of both the concentrate and the sugar are affected similarly by higher temperatures. Solutions of both are completely inactivated by heating at 60° C for 60 min.
The activities of solutions of D-xyloketose and of the concentrates are, however, differentially affected by changes in hydrogen ion concentration. With the concen trate the highest activity is given a t pH 4 and the activity tends to decrease as the pH is raised to 7, with D-xyloketose on the other hand the activity is less a t pH 4 than it is at pH 5 but about the same between pH 5 and 7. Further differences between the concentrate and D-xyloketose have been noted in connexion with the effect of dilution on percentage germination. With the concentrate, after a peak value is reached, percentage germination tends to decrease sharply (as in table 1); with the sugar on the other hand it does so over a greater range of decreasing concentration (as in table 3). When the percentage germination is low and the error correspondingly high, the effect of the slow decrease may be to give apparent secondary peaks in the curve relating percentage germination to concentration.
In this connexion it may be noted th at the wide variation in activities recorded with the sugar and with the concentrates must be attributed primarily to the high instability of the preparations. Different periods of 1 to 3 days have elapsed in this investigation, between the time of preparation of the samples of d-xyloketose or of the concentrate, and th at of the first biological test in each series. The variable delay has been due to the time required for postal transmission of the samples, sent as aqueous solutions sealed under nitrogen, from Cambridge to Leeds.
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Clearly since the chemical examination of the crude extract indicates th at it contains considerable quantity of pentose sugars which are not aldopentoses, and since d-xyloketose may stimulate germination at lower concentrations than the crude concentrate, it is highly probable th at the activity of the concentrate is due to a substance which is either very similar to or identical with d-xyloketose. This conclusion is further justified by the observations th at activity with both the sugar and the concentrates in solution and in the dry state decreases similarly with time. Although the activity of the concentrate is probably due to a substance similar to d-xyloketose, differences between the stimulating properties of the sugar and the concentrate might be expected, since the latter certainly contains many other substances in addition to the sugar, and the differences noted above are no doubt a result of this factor.
The nature of the changes involved in the deactivation of both d-xyloketose and the natural stimulant have not been determined, but the possibility is now being examined that the change in activity is not due to a comprehensive change of all the carbohydrate or a derivative but to a limited change th at leads to the formation of small amounts of an inhibitor.
Although it is not possible to make any comprehensive generalization relating chemical structure and biological activity on the limited number of substances examined, it is significant th at all of the ketoses which have been found to be active have the hydroxyl groups in the t r a n sp osition on the 3-i.e. as in (II), whereas the cis analogues have proved to be invariably inactive.
Further, the stereochemical configuration of the sugar is of primary importance as L-xyloketose has been shown to be devoid of biological activity. 
We wish to acknowledge our indebtedness to Professor T. Reichstein for samples of several sugars and sugar derivatives and to Dr R. Kline and Dr F. Bergel of Roche Products Ltd., for assistance with the bacterial oxidation of D-arabitol. Our thanks are also due to Dr J. C. T he m an n er in w hich lim itatio n of nicotinic acid in cultures of Lactobacillus arabinosus lim ited th e ir form atio n of titra ta b le acid has been exam ined. This system form s th e basis of a m uch-used m icrobiological assay of nicotinic acid.
D uring a large p a rt of a no rm al assay, th e rate of form atio n of titra ta b le acid w as p ro p o rtio n al to th e q u a n tity of ad d ed nicotinic acid. The relationship betw een th is ra te an d th e qu an tities of nicotinic acid has been expressed as a r a tio : mol. titra te d acid/hr./m ol. b acte rial nicotinic acid, w hich has been called th e catalytic activity of nicotinic acid in th e assay system . I t s v alue w as a b o u t 15 x 103 h r.-1 a t p H 6-8, an d fell w ith fall in p H to 5 x 103 h r.-1 a t p H 5*0.
T he ra te of acid fo rm atio n during assay fell to a greater e x te n t th a n could be accounted for b y th e change in p H w hich to o k place during th e assay. M uch of th is fall was due to loss of nicotinic acid from th e b acte rial cells. D uring th e first d a y 's grow th th e added, lim iting, qu an tities of nicotinic acid were rap id ly an d com pletely rem oved from th e cu ltu re fluid to th e cells, b u t following th is period th e nicotinic acid w as grad u ally lost. Loss of nicotinic acid from th e cells bore a sim ple relationship to th e q u a n tity of titra ta b le acid fo rm e d ; for each
